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FOREWORD 


This report is the second of several planned to deal with the 
applicability of remote sensing to the nanagment of insect pests 
that threaten world food and fiber production and human health. This 
volume is organized similarly to Part I (Folhemus, 1979) of this series, 
and is in part an addendum to Part I. 

Three of the four insect groups treated in Part 1 have been con- 
sidered further in this study along with two additional groups. 
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I. INTRODUCTION 


This study is s contiuustion of work b^un tmdsr s previous NASA 
contract (NAS9-15598) , reported in Pert I of this series. 

The fundaaental purpose of the entire block of study is to est^lish 
a scientific basis for assessing the applicability of mote sensing to 
earth biological problons. The first year of study was restricted to 
four insect pests that pose a threat to world food and fiber production. 

In Part I, I suoDarised the biology, econcmics ^nd control methods for 
four diverse insect pest groups anl related these to the potential of 
remote sensii^ as an aid in peat management. In this report I suBsarise 
additional information gathered on three previously studied groups (tsetse 
flies, desert locusts and western rangeland grasshoppers) and treat two 
additional groups (Gulf Coastal mosquitoes and range caterpillars) using 
the same format as in Part I. This report can stand alone, however, if 
combined with Part I, forms a basic reference for managers and line 
personnel involved in pest management, data management and remote sensing 
systems. 

Remote censing methods seem clearly applicable to the pest management 
of tsetse flies, desert locusts, western rangeland grasshoppers, cabbage 
loopers and mosquitoes. The means and methods vary greatly from group 
to group, however, and no simple formula is evident for application of 
reaote sensing to these problems. How present day technology could be 
applied to the pest managmaent of range caterpillars is not clear given 
our present knowledge of their biology and ecology. 

Trial remote sensing projects in conjunction with ongoing pest msnage> 
ment programs are to be encouraged; an excellent sample is the desert 
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locust work being done by the U.N. Food end Agriculture Orgenieation. kn 
overview of the latter is given in this report. Much wire field work 
and correlation with active pest nanagttent programs would help greatly 
in establishing the details of integrating remote sensing into pest mwiage- 
ment progrms. Knipling (1978), while not addressing rsmote sensing 
directly, has urged that pest management scientists recognise the potential 
of advances in technology. Remote sensing should be of particular value 
in Integrated pest control (IPC) both in developed and developii^ nations 
(see Brader 1979 for a review of IPC in the developing world) , 

^ recommendations are that NASA pursue development of the multi- 
spectral resource sampler (MRS) as described by Schnetzler end Thoeqison (1979) . 
The MRS has 15 m resolution and a pushbroos scanner with pointing capability, 
both important to a nuidier of applications. A further recramendatlon is 
that the remote sensing technology for soil moisture determination be 
pursued diligently. Lastly, I recommend that continuing consultation be 
provided to pest management programs worldwide. 

Many people have assisted in this study, and to all I am grateful. My 
special thanks go to: E. L. Maxwell, Colorado State University, Fort Collins, 

Colorado; C. M. Barnes, NASA/JSC, Houston, Texas; J. Howard, H. Mussman, 

J. G. LeRoux, FAO, Rome; D.A.T. Baldry, J. N. Pollock, Yves Taze, 

A. B. Von Ochssee, FAO, Lusaka; M. Lounis, G. Nyborg, FAO Algiers; A. Louis, 
UNICEF, Algiers; J. A. Onsager, J. Henry, USDA-SER-AR, Bozeman; 

L. C. Keenan, USDA, APHIS, Lakewood, Colorado; Dan Nees, Colorado Department 
of Agriculture, Palisades, Colorado; H. C. Chapman, J. Petersen, USDA, 

Gulf Coast Mosquito Research Laboratory, Lake Charles; J. Olson, J. Welch, 
Texas AfiM University, College Station; Matt Yates, Chandlers Co. Mosquito 
Control District, Anahuac, Texas. 
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Jelle Hltlkaaa (FAO, Rome) vent far beyond any of my expectations 
in being a gracious host and making sure that I understood the rosote 
sensing activities of the FAO, and I am very grateful. The contract 
technical iwnltor, D. S. Nachtwey, has been constructively critical of 
the work and very supportive; 1 deeply appreciate his counsel and his 
help. 
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n. SELECTS) BISECT PEST GS0OPS 

Fiva troublasoM iaaaet paat groups trera chosao for study. Aasa 
raprasant a broad spactrum of Ufa cyelas, acological indicators, post 
nanagcoent stratagios and mota sansing raquBmants. Background data, 
as appropriata, and fiald study rosults for aaeh of thasa subjacts will 
ba discussad balow for aach tosact group. 

MOSQUITOS 

Mosquitoas are one of the aost troiiblasraa insect pasts worldwide 
and have played a oajor role in huaan civilisation. constitute a 

serious threat to huaan and aniaal health, and adversely affect food 
production. 

This study fms restricted to BMquitoas of the Culf Coast region of 
the United States, especially the coastal aarshlands and nearby rice 
growing areas. Of the aany aosquitoas that occur there, three ^>ortant 
species ware chosen to exei^lify diverse life cycles and acological 
associations. Two of the species, Aadas sollicitans (Waller) ai^ Psorophora 
coluafeiaa (Dyar and Knab) are floodwater aosquitoas, and the other Culax 
salinarius Coquillat, is a paraanant water aosquito. 

1 . Econoaic laportanca 

On a world basis, aosquito bom aslaria is the nuBd>er one killer. In 
the United States encephalitis is the aost serious aosquito transaittad 
disease, affecting both aan and an^ls. Pats are seriously affected by 
heart irara ( Filar ia ) . a noatoda transaittad by aosquitoas. Livestock 
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•:q>«ri«nc« weight lots or ovon death tdiea otoaquitoae eudi a P. col<ad>lae 
occur in large mad>era. 

1 have not been able to fijid a ata tenant of the dollar^alue of 
econoaic loeaee attributable to coaetal ttoequitoea* hmraver, aU refermcea 
to thie econmftic loae concur that it ia very large. FurtlMr, although 
aalaria haa failed to eatabliah itaelf aince the 1950 *e (I^uiaiana State 
Univeraity, 1977)* there ia concern that outbreaka %^1 occur again aa 
they did prior to 1950 (Peraonal C<»Rmication, Jeaae Hobba, Cmter for 
Diaeaae Control, Atlanta). The aajor diceaaea preamtly kiujwn to be 
tranaaitted by aoaquitoea in the U. S. (hilf Coaatal region are five kinda 
of encephalitia, d«igue, and dog heartwora. 



2. Life Cycle and Ecology 

ttoaquitoea belong to the faaily Culicidae of the ord«r Diptera (true 
fliea). They are long-legged alender inaecta haviug beadlike entmna 
(pluBoae in the aalea) and aany-veined winga. !kmy apeciea and genera occur 
in alaoat every region of the world; King et al (1960) liat 74 apeciea in 
11 genera for the aoutheaatem United Statea. Of theae, 14 apeciea in nix 
f,enera are liated by Louiaiana State Univeraity (1977) aa being troubleaoae 
in the Culf Coaat region. S»e apeciea (e.g. Toxorhynchitea rutilia Coquillet) 
are actually predacioua on other aoaquitoea and are thua braeficial. 

Diaeaae tranaaiaaion by noaquitoea occura when an infect^ fnale taken 
blood; at thia tine diaeaae cauaing pathogenic organiaaa nay be plac^ 
directly in the blood atrera. The foalea urge to bite ia eauaed by the 
biological need for blood that ia a requirraent for egg developnent. 

m 

;j 

,1 
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All BoiquitOM have four life atagM; agg, Urva (vigglara), pupa 
and adult. Tha adult la an activa flyti^ inaact, but tha othar atagaa oeeur 
to mtar. Sona ap^iaa lay thair agga on aolat Mil abova tha wtatt Init 
all agga suat ba aubaarg^ to ordar to batch. LarvM of all apMiaa haaa 
four davalopaantal toatara, ai^ tha pupa ara actiM. Bacauaa other datalla 
of tha Ufa eycla ara dlffarMt for tha thraa apactoa eboaan for traataant 
hara, thay will ba conaidarad aaparataly balow. 

Aedaa aollleitana <aalt aarah aoaquito) ia «i in^ortant aalt-aarah 
apaciaa at^ ona of tha aoat iaportant paat aoaquitoaa of tha (hilf Coaat. It 
ia a kMwn wactor of VmaatMlan ^uiiM Mcaphalitia rad auaprat^ wrator of 
aaatarn aquina ancaphalitia. This apraiaa bra^a to brackish watar araaa 
along tha Gulf toaat and at aoaa tolai^ aitaa, uaually braekiab araaa aaaoci 
at^ with oil production. Tha agga ara laid on ooiat rail to totarBadiata 
to fraah narahaa idiara tlMy lay dormant until floods by high tidaa or raina 
Araaa a«Ajact to periodic, but not daily, flooding ara favorad. Tha agga 
raquira 24 or more houra of drying (conditioning) bafora flooding to ordar 
to hatch. Aftar hatching, tha aquatic augaa raquira aavra to tra daya for 
davalopmant dapmdtog on watar t^>aratura. Aloi^ tlM IKilf (k>aot bracing 
takas placa througlwut most of tha yaar, totarruptad only briefly durii^ 
cold weather. Tha adults ara strong fliers; large awarma migrate from the 
breading site to search of host animals, fly tog cosnonly 8 to 16 km and 
up to 64 km from thair origin. Migration ia at night, howaver during tha 
daytime they will leave their rasttog places to vegetation to attack ray 
animal that disturbs them. 

Within an mulistinrbad salt marsh, perhaps 10% of tha area produces 99% 
of tha population of to. aollicitana (Dr. Jamas Patrasra, Paraonal Cramrai- 
cation). Tha favorad areas ara poorly drained low spots cbaractarisad by 





■pars* vagacation, aainly graaaaa, latarmli^ with tora Mil. Slaturbad 
araaa, auch aa dr^ga apoil araaa» aaan to ba tha hi^aat produeara of 
M. aollleltana bacauaa tha arM la oftrn attch largar than tha nail bra^tog 
araaa to undiaturbad aareh. 

Paeroolwra coluablaa (dark rlca flald aoaquito) to tha aoat toportant 
apaeiaa of tha gamia to tha Unitad Stataa. It occtura to grnt mobara to 
tlM rica land aeoayatn. "Ria faaalaa ara fiarca bltara» attacking any tiaa 
d«»rtog day or night. In largo ma^ra thay can kill livaatock and aaka lifa 
uiAaarablo for hnana outdoora. In addition » thto apaeiaa to tla Boat 
toportant vactor of VanaaMln aqntoa UM^halitia. 

Tha larvaa of P. coloa^toa br^ to taa^rary rato poola, aaapaga poola, 
and irrigation and flood ntara. ^a ara dapoaitad on aotot toil that to 
Bubjact to flooding. Hotot aoil with low rnk vagatation to idaal, ao 
dratoad rica fialda, fallow rica fialda and paaturaa ara faworad agg laying 
aitaa. If floodad aoon aftar d^aition, agga hatch to four or fiwa daya. 

If thay main to tha aoil for two or thraa waaka bafora floodi^, hatehlj^ 
WKf bagin to tan atoutaa. Tha larval pariod In (ddanaar to as littla as 
four days, and tha pupal staga raquirad anothar on to two days so it is 
possibla to haws aany ganrations par yaar dapanding on suitabla hatehtog 
conditions. Adults liva on to two aonths and ovarwintaring to in tha agg 
staga. 

Culaac saltoarius is ntrnaly abundnt along tha (hilf Coast, and 
ragularly constitutas tha vast aajority of all adult aosquitoas idantifiad 
in aosquito control prograas to thto araa. Tha fnalas bita raadily out of 
doors ai^ occasionally antar dwallings. Along tha coast bmdtog occurs 
aostly to brackish md frash totaraadtota nrshas, howavar, inland thay 
braad alaost anywbara to fraah or foul watar in ponds, pools or avM bilga 
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water in boats. Ibis is ons of ths aost savors past aosquitoas to tiM 
^If toast region, si^ is a laoan ^ctor of Saint Louis aneaphslitis. 

3. Dlsparsal 

Disparosl to aosquitoas is by adult flight. Tha fli^t range is 
quits variable, dapai^ing on spaeiaa, but to lateral suitable habitats within 
16 ka of an original braadii^ site are rMdily a>loaised. i^ae aollieltiffia 
has a flight range of up to 64 ka. Because of tte potmtial for a lar^ 
mad>ar of gmarationa par year ai^ a hi^ diaparaal capability, ai^ habitat 
suitable for a givm apaclaa is litoly to be colonist. 

4. tontrol Strateav 

Early control aoamirae iMlud^ oil coating of waters and use of toSMti- 
cldaa. Iha use of DDT during and after Iferld Vat II was vary affective to 
reducing Bosquito poi^ilations, but is now bauMid bMauaa of its severe 
deleterious anvironaantal affMts. Presently, clMBieal abateaent (larvicidii^ 
and adulticidittg) plus physical control or source rediMtion aeasures are 
the aejor Methods of control. Pro^tati^ control has been effective when 
project pla nning included provisions for Mintoistog aosquito robloM. 
Integrated pest nanageaut of aosquitoes has bsM ^laaented only to trials 
but is se«B as i^ortant to tte futura. 

(3iaaieal control of aosquitoas conttouas to play a aajor role to aost 
aosquito cwtrol progrMM. This tMtoiqiM yields toaadiate r«luction of 
populations and aey be the only practical present aeana to avert or teratoate 
aassive popular l<ms as well as epedaaics of aoequito^trannitted diseases. 
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TlMr« ar« atriet paitie^a Um in uMt araaa, hoirav«r, that pravnt 
^alr i^l^uala t»a aa a^ to tto 19M>'a. Rwtrieti^ tot oaa ot to> 
aaetietoaa la aaaaibla for a maibar of raaamw, but tba Boat prMaij^ 
ooM ara tba prarMitioQ of Maaiva anvlroB a an tal doa|o and tba pr^maity 
of ^aeta to deralop iiwMtieida raaiatnca ovar ttoa. 

Bioli^ieal eoBtzola, «i altwraativa to ^aatoal eoatrola, atould Idaallp 
fit into tba aoM aoaquito ^trol fraMMork «tiatiiig today which ratbar 
rMtrieta tha mafear of c aodidat a oi^aniwi. PMtieida m^iiaa ara un- 
Itoaly to foatar tba daaal opBan t of biol^ieal ecmtrolo bMOMa toay ara 
ralati^ly ts^rofittolai tbia eotiplad with ■Iniaal ftndii^ for rMO«reb 
aad daaalopamit of biolt^ieala baa cauaad progrMa to tbla area to ba vary 
alowr Tba attributaa of ebaaleal and blolotical eontrola frea tba viaw» 
potota of tboaa raapraaibla for tbair davaiopamt ara aboim to T^la 1. 
Claaaaa of blol^ieal control ag«ita, Mclitdtof g«Mtic anj^ulationat «ra 
tovart^rata pradatora, wartabrata pradatora, paraaitM and patb^ma. Un- 
fortimataly only a handful of o^aniMM froa all of tbMa claaaaa potw 
tially CM aaat tba critaria of a good biological as givan to Tabla 1. 

Oia^Mn (1974) baa giwan an ascallant raviaw. 

Canatic aanlpulatioM, includi^ tba atarila aala tMbnigua, daaarra 
aantion aa a proaiaing alt«rnativa to toaaical control. In m tot^ratad 
pMt BMagaaant trial at Laka toastap^M, El Salvor, tha atarila aala 
tMbniqua ma uaad to conjunctira with ralaaaM of a biological, tha naaat^ 
E oa a noaa raia culiciworaa. 


5. PMt Managaaant laouirManta 

A aurvay of auit^la babitata ia aacMaary to dataratoa actual populatioB 
lavala «td apaclaa coapoaitim. Bacauaa of tbair i^ortanca to buaan baaltb. 
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Table 1. Coq^riaon of Daairabla Attrl^taa of Cb«aieal and Blf* logical 
Moaquito Ccmtrol ^mta 


Cbo^eal (Paaticida) 

(ProB tha viaMpoiJic of tht 
Paaticida Markaciag I^oacry) 


Biological 

(Fraa cIm viawpotot of tlM Bio- 
logical Dmtrol Scimeiat) 


1. 

Nodorata product coat. 

1. 

Killa tha heat. 

2. 

Good profit. 

2. 

Marrow targat apactrua (Beat 

3. 

Vida targat apactrua. 


apacifU). 

4. 

Vida MviroMMtal appli- 

3. 

No ar>i^ umantal coapatition 


cation. 

4. 

Eaeily diaaotLaat^ by atan- 

5. 

Ko recycling in tha field. 

j 

dard paaticida application 

6 . 

Patantabla. 


taclmiqMa. 

7. 

Tachnolo^ intanaiva. 

5. 

Inuadativa heavy doaa will 




kUl 1002 iMdiataly. 



6 . 

Low doaaga will gat broad 




covaraga. 



7. 

Bxtanaiva rMycling in tha 




field. 



8 . 

Eaaily aaaa produced (not aai 




power intenai^). 
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Bosquito biology is well understood cra^ared to sost other insect groups, 
and the literature is enorsous. The mast iiq>ortant require^nt in oanage- 
sent of oosquito populations is identification of actual or potential 
sources and the most effective sanageawnt tool is source reduction, 
particular, mnitoring spoil area clMnges, subsidence, and salinity are of 
critical iaportance in the Gulf Coast area. 

Efforts lave been aade or are underway to correlate r^>tely sensed 
data with extensive scientific ground truth date for at least two of the 
species (^. sollicitans . P. col«ri?iae ) chosen us candidates here. For the 
first candidate species, the work is being done by the Gulf Coast Mosquito 
Research Laboratory, Lake Charles, Louisiana (contact: H. C. Cha]»an) and 
for the second by the Entomology Departi^nt, Texas ASM Ihiiversity, College 
Station, Texas (contact: Jim Olson, John Welch). Both projects are in the 
Gulf Coast region. Unfortunately, neither project has sufficient definitive 
correlative data asseid}led so far to warrant presentation here. Hie con- 
sensus, however, is that the following kinds of data are needed for mosquito 
managenffint of the three candidate species: 1) Ground sasqiling, 2) tenqierature, 

3) hourly rainfall data (did it rain?), 4) tide maps, 5) soil moisture, 

6) vegetative community maps. Ground sampling has been discussed previously; 
temperature must be plotted vs. species because the maturation rates differ; 
tide maps can use automatic recorders at chosen localities, but the required 
accuracy is not yet known; soil moisture is considered probably useful, and 
while the exact utility is not yet known, it would certainly be useful to 
know which areas stay wet; vegetative communities are clearly tied to pre- 
ferred breeding sites but vary greatly in extent and species association. 

Of the kinds of needed data enumerated above, those that can be potentially 
provided by remote sensing are 2, 3 or a part thereof, 5 (probably) and 6. 

The reoK)te sensing requirements for these data are given in Table 2. 
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6. Pl«ld Stirf' 


Field studies in the Gulf Coast area arotmd Anahuac. Texas, a^ 

Lake Charles, Louisiana, provide first hand observations of tlM breeding 
sites of tlM three ao^uito species treats in thia i»rk. Fortunately, I 
ms able to accrapmy ucperts In aosquito control to varitnw sites, e.g. , 

Hatt Yates, Chaidters County Mosquito Control District, Anahuac, Tema, 
and Dr. H. C. Chafaun md staff aeabers. Gulf Coast Mosquito Research 
Laboratory, Lake Charles, Louisiana. Visits vere aade to spoils areas, 
rice lands, and undisturbed aarsh. The group at Texas ASM (under Jia Olson) 
has gathered IR isagery of all types of sMsquito habitats in this area, so 
my usual practice of gathering paired IR ai^ color photographs ms not 
follomd for aosquitoes. 

RANGE CATQIPILLAR 

The range caterpillar is a pest that destroys range grasses in ten 
counties of Mew Mexico and a saall adjacent area in southeastern Colorado 
and the Oklahcma and Texas panhandles. In spite of the rather restricted 
range of this pest, it is considered serious because of the extensive range 
damage that occurs during outbreaks. The literature concerning these insects 
is relatively small; the review work of Watts and Everett (1976) list only 
11 references directly dealing with range caterpillars or their parasites. 

The reasons for outbreaks and for the spotty distribution within the 
range are poorly understood. For this reason the primary emphasis of this 
study was on field work to determine how remote sensing could help in 
working out the biology of this pest. Only a small part of the total study 
effort Involved the range caterpillar. 
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I. Economic Importance 



The range caterpillar (Haalleuca ollvlae Cockerell) infests more than 
5 million acres in northeastern New !texico and, to a limited extent, the 
adjacent States. This pest has been reported periodically since the. late 
1800's. Outbreaks of this insect are cyclic and the present one began in 
the early 1960's. Approximately 600,000 acres of the 5 million acres 
infested are considered to have a serious economic infestation. 

Evidence gathered to date indicates that the range caterpillar eats 
nothing but grass. In high concentrations the larvae cosq;>letely denude 
the rangeland, developing a pattern of "windrowing" therein great hordes 
of fifth and sixth instar larvae occur as a result of moveront from 
denuded areas in search of food. 

The range caterpillar feeds on range grasses down to, but not in- 
cluding, their roots. About 40 different kinds of grasses are included in 
the list of host plants, however, the grama grasses (Bouteloua species) seem 
to be the preferred grass. It has also been reported to seriously injure 
cultivated grains and forage crops. Including millet of various kinds, 
wheat, oats, barley, milo, maize and Sudan grass. The dcunage to such crops 
has usually occurred where isolated farms were surrounded by infested 
range pastures. It is primarily destructive to range land. 

The range caterpiller injures the range forage in two ways: (1) The 

larvae which grow from 1/5 inch to alnmst four inches in eight to 12 weeks, 
consumes large amounts of foliage, often down to the crown, (2) grass 
which is not eaten by the caterpillar is rendered unpalatable to livestock 
by the irritating spines on the active larvae and on their cast skins, 
which remain on the grass throughout the remainder of the growing season 
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and into the winter. Uhen the apinee cose in contact with the tender portions 
of the human skin they cause, at first, an intense local irriatation or 
smarting, which later results in a swollen and itching condition similar to 
that caused by the sting of a wasp. It is suspected the same thing happens 
to the mouth of livestock grazing upon the grass, and after one experience 
the plants are left untouched. For this reason many areas of rangeland 
not actually destroyed by the range caterpillar are rendered unusable for 
grazing. Cattle also will not graze areas where pupal cases are prevalmt. 

Most of the forage is consumed during the fourth and fifth stages of 
the larvae when they disperse in search of food. This period is usually 
during July and August and corresponds with the rapid summer growth period 
of blue grama ( Bouteloua gracilis ) , a warm season grass that accounts for the 
majority of the forage on the Kiowa National Grassland and constitutes a 
significant part of the available forage in eastern New Mexico. 

The average annual production of forage within the proposed control 
area is approximately 900 pounds (dry weight) per acre. Under proper 
management, utilization by livestock grazing is about 50 percent. It is 
reported that an infestation rate of 12 larvae per square yard will consume 
about 400 pounds of forage per acre. This amounts to 45 percent of the 
forage in the average production year and is nearly equal to proper utiliza- 
tion standards. Infestations of 18 to 20 larvae per square yard will consume 
more than the forage available for livestock. The total amount consumed is 
not known since, as the density of larvae increases, the average amount of 
forage consumed per each larvae is decreased. However, heavy infestations 
on rangeland have removed all of the forage produced. 

Livestock production is the major industry within the area Infested by 
the range caterpillar. The New Mexico Department of Agiculture estimates 
that the losses from range caterpillars to the livestock industry during 
the past decade have been 20 to 30 million dollars. 
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2, Llf« Cycl« and Ecology 

'ni« range caterpillar, Healleuca ollviae cockerell, belongs to 
the family Satumidae in the order Lepidoptera, or moths. The life 
cycle is quite typical of a Lepidopteran, consisting of fotir stages: egg, 
larva, pupa, and adult. The eggs are deposited by the female moth as 
early as Septoaber and as late as Novei^>er, depending upon the season. The 
eggs may be deposited most anyfHwre, but mainly on stesis of grasses, weeds, 
yucca, or other vegetation. They are laid in rowed clusters. The tenter 
is passed in the egg stage. The larvae (worms — caterpillars) hatch fr<m 
the eggs mainly in Hay or June when (if) suitable climatic conditions 
prevail—moisture and warm daytime temperatures. Five or six instars 
(larva/stages) occur. The larvae begin pupation in late August or September 
in a loose built cocoon on grass or weeds. Adult omths begin emerging 
from pupal case mainly between the middle of Septaid>er and the month of 
October. Flight of the foaale moth is the principal method of spread. 

Macing cakes place during the adult flight period when eggs are deposited 
and the life cycle is repeated. 

The adult iK>th of the range caterpillar (Hemileuca oliviae) is a 
brownish to clay colored insect with a fairly stout body. The abdomen of 
the male may be brown or reddish; in the female it is always dark brownish. 
The adult is about 1 to 1-1/2 inches long with a wing span of 2-1/2 to 
3 Inches. 

The late instar larvae have a smooth, dark red to black head with 
coarse white hairs of intermixed length; mouth parts and antennae are 
black. The body is usually "ground" color yellow (grayish yellow to some- 
times blackish) and densely covered with large, flattened, yellow granules 
(secondary tubercles) so that the general effect is yellow; body contains 
spinose tubercles (spines), black in color and usually branched. 
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Occurrence of the renge ceterplller it charecterised two noteworthy 
feeturee. First is its distribution, which is relatively lisitsd* R^ords 
indicate outbreaks of high significraca have occurr«I only is the north- 
eastern comer and south-cantral portion of New Itexico. WhetlMr occur- 
rences in other places in New Ht .ico, Oklahoma, Texas, or Colorado will 
ever develop into significant outbreaks is unknown, but it has not done so 
within the period from 1895 to this date. 

Secondly, is its pattern of periodic (cyclic) outbreaks which have at 
times seriously depleted the grass resource on large acreages of range, 
but altmys within the same general area of northeastern New l^ico with 
the exception of the recent outbreak centered in Lincoln County. 

The reason for its confincanent to the tvo wore or less precisely pre- 
scribed areas of occurrence (Fig. 1) is speculative but some features are 
common between the two. The elevation is similar, ranging from about 
5800 to 7800 ft. The terrain is open, rolling grassland with a fairly 
continuous ground cover. This ground cover characteristic ioq>llcs a 
reasonably consistent rainfall pattern during the growing season. The 
significance of the ground cover relates to the apparent low tolerance of 
the caterpillars to a high bare ground temperature. Larvae placed on hot, 
bare ground have been observed to die rather quickly. P ring extremly 
hot weather they have been observed to crawl up on fence posts and other 
perches, presumably to avoid the heat of the ground. Caterpillars have 
not been observed in wooded terrain and few, if any, in brush country. 
Instead they are found in the best grating cotmtry. The vegetation in 
the two areas is similar but at the same tiam is greatly different from 
that on much of the territory separating the two areas. 

The range caterpillar apparently will feed on any kind of graas, in- 
cluding the agronomic grasses. There have been reports of the caterpillar 
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feeding on varloue t^s of broed leef«l vegetation, ^parwtly irtiat baa 
been obaer^d vaa catarpillara congregate on other typea of ^getation* 
perhape to avoid tlM heat of the groue. There ia no evidence of tha 
feeding on anything except graaaea. 

3. Diaper eel 

Diaperal of range caterpiUara ie priaarily by flight of the adult 
motha. The apparent poor diapereal capability may be due to the abort 
adult life epan, or to ecological factora liniting their diatribution. The 
dispersal potential of the adults is perhaps best understood by examining 
vbat is known of their flight patterns and behavior. 

Adult emergence begins aroxind the first of October and continues into 
Novead>er or later, i^ults have no functional mouth parts and thus take 
neither food nor water. As might be expected then, they live only a very 
few days. Hie moths typically emerge from the pupae during the forenoon, 
crawl up on the vegetation ami remain most of the day while their wings 
expand and harden. About an hour before sundown the males begin their 
searching-mating flight, moving from one clun^ of weeds to another in 
search of a female. Females take to flight somewhat later than the males 
and are seen in flight in considerably leaa numbers than the males. There 
is no dlscemable relationship between female flight and mating behavior. 

Hales are attracted to virgin females but over a fairly short distance 
and over a very short period of time. This is demonstrated in the search- 
ing flight of the male which may fly within inches of many different 
fmnales before he is attracted to one for mating. Literally hundreda, or 


even thousands, may be seen in such flight. Then, Just at dusk all flight 
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e«MM for a claa viift a om or imM ^Ira eaa l« eMariwd 

in copula mk alaoat avary mad or c3mp of iJiCor, in tha 

aarly houra of tba night, both aalaa and fmalaa talea to vihg to naaa tad 
fly aoatly to om diraction which la ^mrally domwtod. 

Baachara living to tofaatad azma aza mil aeguatotad i^th atziH^ 
attraction of notha to lighta. It io raaaonabla to aay that only mtoa ara 
attracted to light atoca oor obMtmttoaa atow that tha tvo aaxaa arc 
fouto at light to a ratio of maghly 1500 mlm to emm famla. Svan 
aaoi^ tha mall laabara of fenalaa tlmt have bam taan at lighta, aona 
mra gravid tdiila othara mra apmt. 

During tlM aaeoi^ day of thair lifa tha faaalaa dapoait tbair agga 
ai^ dia, ama tha sam day while otlMra uy live over into tte thin! day. 
Itelaa nay live aa nuch aa four or five day.. 

4 . tontrol Stratagy 

Bacama of tha large araaa nmdii^ traatoant ai^ tha ralatimly low 
value of rangalai^ early to thia century, ranchara hiatorically rali^ on 
paraaitae to control range eatarpillare. Wildanuth and FrankmfaU (1933) 
auggaatad that the egg parasite Anaatatus saadfla'i^ua Gtom taratoat^ 
tha outbreak to 1916 but there is no other avid«toa of svhstmtial bio- 
logical control. On the other hai^, just what conditions are required 
for tha onset or tamination of a aajor outbreak ara not mil understood, 
however reduced rainfall and siAsequent raduci^ graas growth aay play a 
significant role. 

In Bodern ttoss rw^eland mrth has incraasad dr^tieally in cm- 
parison to insacticida costa, so that tosacticidas ara now tha favored 
cratrol MtbmI. Som w^rtorats ara ongoing with various parasites to 
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dataraiM if biological cMCrol ia fMOibla 1m€ eteaieal cmicrol idLU aoat 
litoly bo uMd for mw tlM to mm. 

^ cormr Mbbroidc of tiM ri^a eaMrgUlar bav» M attraer atiMtlM 
ia 1960 ia tha v^toiey of Abboee to acMhara Colfax emxit^, Itaa Hoi^m. 

Tha tofaatatioB xi^M^ad totauiftod during tha ^eaading yMra «itf to 
1966. aoM 60 th<nM«^ aeraa vara ayray^ vieb a |^«id of conytaM par 
aera to tte firat ehaadcal control prograa ta^artidcm for thia toaaet. Ifcia 
waa clM typical cooparatlM pMgrtti to aliieb tba coat waa aplit tteM waya 
batwMi tha r^ter, tha atata aad tba fad«:al ^a r oMa t. In 1967 aora 
than 4M)*000 aeraa vara apray^ «ad ^od eratrol waa obtaiMd. Tha Mjor 
portimi of tha haavily tofaatad tarritory mo ^mtroUad, ao to 1966 ttara 
waa w widaapraad daawga. Bowavar, tha provimialy MtiMtto population 
prodM^ Mough offapring ao that in 1969 tha infaatation waa both aa <n> 
tmaiva totMiaivo aa it had baan to 1966 1967 but i» emtrol pro* 

gm uaa toitiatMl. ^ thia ttoa aoat ranehara mra thmiouihly ecwrtoc^ 
of tha potential daatrMtiv«saaa of thia paat aad plMa got \n^ar uay 
aarly to 1970 to inittota a widatpraad control progrm. Tha MvirmaMtaliata 
took a vary active totaraat to thaaa plraa and oim raault wa a Fcd«ral 
Oiatrict Cmirt caaa. Altiioc^ tha court rulM to favor of tha raMhara, no 
cooperative progrM with to»phana could be undartakm bacauaa of a differ* 
enea of opinion aaoi^ different atata and federal aganciaa regarding tha 
potmtial haaard of tmeaphma to aon-targat organiMM. Sovevar, individual 
ranehara at chair own «EpMaa, treated to «Kaaa of 6S0,0(H) aeraa to 1970. 

Aa axtMBiva aoaitortog prograa of atraaM and lakaa for tba aueea^tog 
12 to 18 Boncha by paraoimal of tha Plant ProtMtton Diviatoa eoivlataly 
vindicated toxepbma aa a threat to tha a^tic anviMnnent. tba principal 
point at iaoua with the enviroiaantaliata. 
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It Is «nelssr lAscter viU svsnt^ljr 1 m md 

biologlesl control us^ to large tttMt to eoi'bst estsrpillsro; 

hossrsr, tbs task of dstMmtoing the ssrsrlty m 4 gsi^r^hiesl kei^isriss 
of outbrs^^ would omb to rsasto tbs smm. 

Fast Msastwwnt kssulrMsnts 

Tbs priasry post ■sM^Msnt rs^ulrunt* for rmfs Mtsrpillsrs bsvs 
to do irltb BMiltorli^ tte wtsnt sad so!wsritp of ouarssks »d snwirmi- 
■mtsl cMiditlens tbst uould sitbsr work for or sgsinst Ings p^^tlati<m 
dsnsitiso. Tters srs pr^lou associstsd wiA this; mm is tbs propsositp 
of rsngs estsrpillsrs to clustsr togstlMr rad fora poclMts of wsry bigb 
populstlMt dMMitp intsrspsrssd wltb lam ^»pulstioB to tmtofwtod srsss 
td.tl'iJB s Isrgs Infsstsd srss. Otbsr problssr^ srs tbst tiM factors 
liaitix^ gsogr^bical rn^s ars not radsrstood, mi tte owsrall biol^ 
is iMt wait u^srstood. 

Tss^raturs ai^ aoisturs, tbs lattar psrh^ M^rsossd in v^stativs 
vigor, ars paraastaro affsetii^ lar/al batebii^ tiass, aaturation and 
possible dis-off. I bare rat liatsd tbws in Table 2 braauss it is rat 
at all evidrat that tbs raaots saastog of tiisss parrastsrs will bs vsrp 
useful ia a past raaageasnt progrra. Larvae that bat^Md as auch es a 
Bontb apart all b^ra Ration amm after iUifust 15, so with that data as 
tbs fiaal for ra^lstioa of cbsaical eoatral oparatiMM aad ^ groiaid 
surv^s nacsssarp in ray case to daterains infest^ arras, I fail to sea 
tdMrs reaots ssasl^ is of help io tbs araagrarat phase. 


Frra tbs rrarareb side, boravsr, X tbiidi raaots SMising era play a 
k^ role in cheaply providit^ paraasteric data over tbs si^stratial area 



1ft lAieh chla pMt ocews. IxulMdt v«BOt« aip h% th« <mlp ««p co 

•ff«eciv«ip survay all of thU rogimi at raaa«a^la coat. Tha 1^ quMtltm 

that raaota aMali^ cm help aolva «rat 1) Hhat factora liait the h<H»darlaa 
of range catorpillar hrMdl^ pi^MilatioM? , 2) irtiat fMtora affMt populatiM 
dtaaltiM aai la i^t «^a?, 3} what factora affMt larval hatchii^ tlMf 


wESTEiQi umtum Gussaxfffus 


Introductory aatarial, aconoalc ii^rtMca, biology «td acolo^, 
control atrat^ and peat aanagawme r^uiraaiMta for wMt«m ra^alaad 
graaalwppara vara praamtad la Part 1 of thin aarlM (Polhaaua 1979) Md 
trill not ba rapaat^ hara. 

Fortinataly, X waa able to c^taln an In-d^pth ravlav of Part Z during 
a field trip to Ifontana and l^oali^. A brief auaaary la given below, aloi^ 
with tha field trip raaulta. 
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1, K^yltw of fmxt 1 

Fare X wn rwiaw^ hf tte pcrt^Ml of tho OSSA l^olMid Xnoocto 
Lrtoratory at Boioan, Nomom, oad • far eerroetiOM co — mt o wro 

WOtt^ of BOtOi 

A) Gmtnl pt^voM involve lM«!ti^4o o^iqr^ of rMtoXoaSo 
htpn bMo MtlMtod at ^oat |l/aero U77 teXlara), irtMraaa it ia 
Mtlaatod that tto bioX^ical ^itroX Mthed uatot teoam wiU tMult io 
troatamt Mata of HK^SXSO/ka^ (aot ^Xodiet aircraft ecata) or about 
15 to iO pareaat Xewar tbn prMmt ultra low woloao aala^ioo to^l^. 

B) Doi^atar (lfS3) faraiAad a eoi^r^fwiira rowiaw of the biolofp 
md ^li^ of wMtom rai^ola)^ graao hoppara . Tl^ imo clt^ axtnaiwalp 
to Part X. Accord^ to Ihr. tairp and Dr. Jarrp Oaaatar aoaw of 
DoapatM*a aatarial to aoa w rh at apMolativa and alwato ba traatad with 
Mutlra tatil provM Mt. Tba partieiilar atataanta to quMtiM deal 
with atarvatiM dua to w^faadtof durii^ clMdy, cool woathar, and grata- 
hopper aigratioB. Thwa atould ba trMtad aa bgrpothMta. 

2. Fiald Iterk 

A fiald trip to tte toartoaa, Vpoa^ area twa coaplatad to Jalp 1979. 

Tba pitrpoaa of tho trip to dae«alM tha potaotial of raaota aaaaii^ to 
eoBtrol projMta iMiog aitb«r toaoctieidoa or Moaaaa . 

iMt plota w«ra wiaitod that imto eoatrola, toaMtieido traatad mA 
Boaaaa timtad. ThMa plota wmo acattarad ovm a rather wida araa, with 
aa BBch aa 50 ailaa batwaaa gM^ of plota. TIm graaaho^«r d«aitp 
wariad CMtfidMablp to thMo plota, bat aU had coBaidar^la h^Mr pepola- 
tioM. SwaroM tofrarol and color ^t^apte irara takaa of plota with 
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high populations of hoppars ai^ plots with low populations. Thara wara 
no evidant vegetative parameters cooeon to high population areas but absent 
from lew population areas. This might be e:q>ected because of the mosaic 
vegetation pattern. A previously proposed test area aam6 distance west of 
Sheridan was abandoned for 1969 tests because excessive rainfall caused 
grasshoppers to die in that area. 

Thus* this field work supports my conclusions given in Part I that the 
primary use of remote sensing in grasshopper control would be to monitoring 
air temperature, rainfall and overall vegetative classes and vigor. S(xie 
of the methodology worked out by Maxwell et al (1980) for drought monitor- 
ing would be applicable to this problem. 

TSETSE FLIES 

In Part I (Polhesius 1979} a rather conq>lete treatment was given for 
tsetse flies; this material will not be repeated here. 

Results of a field trip to Tanzania were also reported in Part I. The 
emphasis during that trip was on two species, Glossina morsitans Wiedemann 
^ £' pallidipes Austen, particularly with respect to differentiating the 
habitats of these two species and additionally differentiating th^e frcmi 
non-tsetse areas. Because G. morsitMis is perhaps the most troublesose 
tsetse species, and because its preferred habitat is known to shift signifi- 
cantly over its range, a field trip to Zambia was a part of the current 
contract effort. The purpose was to assess the applicability of remote 
sensing to tsetse control in a savanna region having West African rather 
than East African climatic influence, but still concerned with G. morsitans . 
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1. Field Work 


Through the kindness of Dr. D. A. T. Baldry (Lusaka) «id 
Dr. J. G. LeRoux (Rnee), both of the United Nations Food and Agriculture 
Organization (FAO), tsetse field data was obtained from the FAO project 
in Zaad>la during February 1980. This is a research project to delineate 
tsetse abundance, seasonal changes and control methods. Training will 
be provided on a regional basis. The facilities and laboratory are well 
organized and appear quite adequate. A field camp at Lutale (^bout 150 km 
west of Lusaka) was established shortly before my visit and from this 
base of operations, 1 was able to do field work adjacent to the Kafue 
National Park in an area heavily infested with Glossina morsltans . 

The savannah of Zambia is very different from that on the Mkwaja Ranch 
in Tanzania where I did field work previously. Zand>ia has a West African 
rather than East African rainfall pattern, the forest is different, and the 
physiography is greatly different. The forest in the Lutale area is 
characterized as Munga (Combretum wooded grassland with Papilionaceae on 
transitional soils) and Miombo ( Isoberllnia paniculata-Brachystegia wood- 
lands on sandy plateau soils), with tsetse largely restricted to the latter. 
The Miombo is intersected extensively by dambos or shallow grassy draws that 
form the typical water courses of the area. Deeply cut stream courses are 
rate. Between Lutale and the tsetse area to the west, a 5 km g«ne clears 
strip with two game fences form a tsetse barrier. In the Hiombo game Is 
abundant but moves seasonaly and was scarce in our study area during my 
visit. According to Baldry, the game moves back from the higher areas 
during the dry season. 
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The project people here are interested in temperature laapping and 
multispectral toaglng as potential aids in mapping tsetse distribution 
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and abundance. The NOAA series of satellites would probably provide 
adequate resolution (1 km) for temperature mapping. The multispectral 
scanner (MSS) or IR mapping is TOre problematic. Dr. Baldry intends to 
obtain EktachroiM IR photography frc» project helicopters, and I reccnnend 
this procedure to evaluate the potential utility «ad required resolution 
of MSS data. 

1 obtained a nui^er of ^tachrcmie IR photographs of a major project 
study area, Dambo 57. The irost Important feature that is innediately 
evident is the striking contrast between the dambo grasslands and the Mi<»bo, 
even in the wet season. It is desirable that a seasonal contintium of such 
imagery be obtained for evaluation of seasonal changes and a»lsture con- 
ditions and correlation of tsetse abtindance as determined by surveys with 
Challier-Laveisslere traps. 

In Part I, I suggested that tsetse and non-tsetse areas in the savanna 
could be delineated by multispectral imagery, based on the different spectral 
response of grasslands (non-tsetse) and iroodlands (potential tsetse area) 
during the dry season. The contrast betwe«i grasslands and woodlands 
during the wet season in Zambia further supports this idea. Detailed map- 
ping of tsetse habitats will, 1 believe, require very fine resolution of 
the sort available with aircraft, sane sophisticated processing, and early 
intensive ground survey. Okiwelu et al (1978) report finding tsetse in 
supposed non-tsetse areas chat had been mapped on the basis of vegetation; 

I do not yet have the details of how the maps were made but they were pre- 
pared by EARTHSAT Corporation so presumably used satellite imagery. With 
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satellite imagery broad taeate/non-tsetee areas can be identified, 1 
believe, but until much finer resolution imagery is available from 
satellites, aircraft surveys trill be need^ to prepare detailed habitat 
maps. 

Subsequent to the Zambia visit, I brief a number of people at 
FAD L adquarters in R(»te (gathered together by the director of AGA, 

Dr. Harry Mussman) on my work so far and discuss^ with them the possible 
use of remote sensing in tsetse control. The FAD is considerii^ this 
technique in conjunction with a tsetse control pilot project in West Africa 
(Ivory Coast and Sraegal) as early as 1981 and wtmld welcome further con- 
sultation. 

DESERT LOCUST 

In Part I of this series I presented background material and discussed 
In seme detail the econcnalc importance, life cycle ai^ ecology and control 
strategy for desert locusts. I touched only briefly on the pest management 
requirements and the remote sexising work being done by the U. N. Food and 
Agriculture Organization to support locust control efforts. These will be 
discussed in more detail here. 

The FAO has two cooperative desert locust control programs underway 
that use reaote sensing data, one in the HALT countries (Morocco, Algeria, 
and Tunisia, with a principal test site in Algeria) and one recently 
begun in India to replace a cancelled project in Iran. The following is a 
summary of their approach and rationale, drawn from FAO furnished information. 
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1. FAQ Rwtote Sensing Application for D«a«rt Locwt Survay Coatgol 

Crops worth 15-20 billion dollars over 30 million square kilMMtraa 
in 60 countries, frt» Mauritania to India, and Tansania to Turk^, with a 
fifth of the world’s population, are prone to ravages bp the DMert Locust, 
estimated at $20 million during a plague period. Over the past 25 peara, 

FAQ has develop*^ a scheme of prophplactic control bp devising a three-tier 
spstem: at national, r^ional, inter-r^ional levels, of surveillance 

timelp control. In 1977 the recession in Desert Locust actlvitp has 
entered its sixtemith pear, against the previouslp known longest period of 
sevot pears, over 200 pears of recorded locust historp; an aiqple measure of 
success of the schase. The present locust plague is g«ierallp acknowledge 
to have reache this level due to the lack of effective surveillance. 

Effective survelll^ce of the breeing areas, which exto^ over the 
most arduous desert laes of the world, is the kep to the success of locust 
control. The pres«it methes of grotmd ae aerial surveps are limite 
both in time and space, and can be undertaken in certain areas onlp in 
certain seasons. The use of satellite data to detMt vegetation and rain- 
fall, and thus the prospective breeding grounds, could possiblp confine the 
search to specific areas in which the survep teams could be seit directlp, 
enhancing the effectiveness of surv^ and control operations considerablp. 

An information spstem based on satellite reaott sensing and providing 
spatial and temporal continuous intelligence on the ecological conditions 
for desert locust breeding at inter-regional, regional and national scales 
is intended is intended to aid in preventing future locust upsurges from 
expanding to plague proportions. This information structure should signifl- 
cantlp strengthen the effectiveness of desert locust surv^ and control 
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activities during recession periods. Also, systsaaatic iMnltorij^ of pre- 
cipitation and vegetation develo^ent over large areas will generate 
information which is of interest to a range of other fields, e.g., rai^e- 
land management, hydrology, agrcmetMrology, food production information- 
gathering, desertification studlM. 

In late 1977, following the successful cM^letion of a pilot project 
investigating the potential of using various remote sensing tedmology 
applications for i^roving curreit methodology of international Desert 
Locust Survey and Control, a coBq>reb«a8ive follow-up project for further 
development and operational application was prepared and sutaltted for 
funding. The Southwest Asian Desert Locust COTolssion Region was chosen 
as project area and the location of project headquarters was to be T^eran, 
Iran, in view of the satellite receivii^ and data processing facilities then 
being established in Iran. 

In 1978 the political situation in Iran changed to such an extent that 
it culminated in the evacuation of all ID) staff in Decosber 1978. In the 
same time frame, the international Desert Locust situation changed from a 
16-year long recession into a major upsurge of Desert Locust activity idiiCh 
is now termed a low-medium level plague. The consequence of these facts 
is that a reorientation concerning both the location and the structure 
of the project was required in order to optimize the use of currently 
available remote sensing techniques for operational arul research activities 
at various levels (l.e., HQ, regional and field levels). 

The Pilot Project, undertaken with FAO's Remote Sensing Unit in Algeria 
and funded by the Regional Locust Trust Funds, has yielded various approaches 
for the use of remote sensing techniques for desert locust survey and control. 
Aswng these are the use of high frequency METEOSAT and GOES-I/0 visible 
and Thermal IR imagery for obtaining rainfall data in the MALT area 
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coupled with LANOSAT data for the detectloa and iMnltorlng of ephcaeral 
vegetation. The progrva forsulat^ for India calla for the evaluation of 
TIROS-H/NOAA-6 data for both rainfall mapping ai^ ephemeral v^etation 
monitoring, along with LANDSAT data for the latter uae. In addition to 
aatellite data, available ground truth and synoptic weather station data 
are used. 

2. Visit to FAQ He^quarters, IU»e 

Jelle Hielkema spent a great deal of time with me ai»l explained in 
detail the ren»te sensing work being done on the desert locust program. He 
is analyzing mainly LANDSAT imagery whereas the group in Algiers in 
cooperation with Dr. Barrett (Bristol University, U.R. , consultant) are 
analyzii^ weather satellite data. Hielkema is using products furnish^ 
by the European Space Agency (ESA) facility at Fucino, Italy, and we 
visited there. He uses color transparencies, character dmisity plots 
and CRT on-line pres«itations in his analysis. The latter two are obtain^ 
from IBM Rome where the ER-MAM II program has been installed. (ER-MAN II 
was originally developed for the LACIE progrmn at NASA-JSC, but has been 
installed on IBM systeois at various localities. See Gilmore, 1977.) 

He performed on-line interactive processing of some LANDSAT sc«ies 
from the Algerian Sahara at the IBM facility. The best results were obtained 
by level slicing with a ratioed band 5/7 clasaifier having a translocated 
zero ucis of the line of soils. (Sec Kauth and Thomas, 1976, and Figure 2.) 
Classification was done by choosing training sites on a falsa color CRT 
presentation of bands 4, 5, and 7. For the particular scene process^. 
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ground truth vm not avnllabln. ClMt statintica wara CMqiutad and dia- 
playad, than a Bayealan claaaification ma uaij^ a naxiiBUB 

likllhood run and claaaaa vara praamti^ at both and lOOZ claaalficati<m. 

fha ratio Mthod for arid land claaaification follow cloaaly tha ra- 
aulta obtain^ indepandantly by Dr. E. L. Itancwall of Colorado State 
Univaraity during a HJJA fu^ad drot^ht aumitoring projact (aaa Maxaall 
at al, 19M). Tha arid land claaaification work baii^ dona tha D.S. ai^ 
that of tha FiyO ara claarly aynargiatic ai^ cloaa liaiaon ahould ba tecn- 
couragad; hoaavar, it appaara that tha dat^tion and aonitoring of 
ephoBaral v^atation in tha Sahara, for inatanca, ia a wich aaaiar taak 
for rewte aanaing than claaaifyii^ v^atativa cOTBunitiaa in tha arid 
waatam U.S. Figure 3 ahowa tha raaponae of vegetation and aoila in tha 
Sidtara. 

3. Field Work 


Field work waa acconpliabad in tha Algiara area and in aoutham Algeria. 
Tha FAO has a anall resota aanaing facility at Algiara iHiara afforta 
conaiat largely of archiving NOAA weather aatallita picturaa awaitii^ a 
conaultation viait by Dr. Barrett to commence analysia. Mr. Muatapah L<Hinia 
kindly ahowad me through tha facilitiaa aiul wa diacuaaad aoma of tha ragiatra- 
tion and overlay problama. 

On a brief trip out of Algiara to the vicinity of Medea, I obtained a 
n\abar of pair^ color ai^ EktadiroM IE photographa that ara in marked 
contraat to thoaa obtained further aouth in tha Sahara. Tha diffarmcea in 
IR raaponae to tha vegetation of aami-arid and arid (Sahara) areaa ia 
atriking. 
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iQ souchvrn Alg«rl« 1 visited s dsssrt locust outbrssk srM nssr 
lutsarsssst. The purpose wss to ':otr -Iste ph^siogrsphy, cliMte, soil, 
snd vegetstion chsrscteristies, Md ZR iasgery of the letter with srid sress 
of North AsMrics. I wss successful in doing this beesuse through the ktod- 
ness of Dr. Andre Louis, I joined s perty asking s totur of Touer^ villsgM 
MS e DNICEF aisslon rad thus tourwl s substratiel pert of the Bog^r to- 
cludii^ the sress around Irafok rad tdeles. I obtstoed a raaber of paired 
color and OctachroM ZR phot^raphs that dasrastrate the low vigor of the 
very sparse v^etation. 

The Sahara is auch drier rad has auch less v^etative cover to g^Mral 
than the deserts of North Aaerica. The higher areas <^served all appear 
to be aassive basaltic foraationa with uraoraolidat^ aaterials of drifts 
sand and eroded basalt. V^etstion is rare to aost areas, rad sparse even 
St high altitude. Adventitious greening to the Oueds (washra) wrald be 
such aore easily discerned with ralttopratral isagery thra to the North 
Aaerican deserts. Even where sid>stratial oases are prraent (e.g., Zdeles) 
the vegetation is sparse snd covers a very raall area. To the north, 
isolated oases (Z-n-Salah, Ouargla, El Coles) have ratensive areas of 
palra, but little else aacempt raall irrigated patches of irtiest. The task 
for reaote sensing associsted with identifyii^ potential desert locust out- 
break areas sppears raeh stonier thra that of pr^iettog rrageland grass- 
hopper problra areas in the western D.S., but sone of the aetbodolo^ of 
the foraer can be applied. Tracktog the efforts of the FAO rraote srasli^ 
group is recrasended. 
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